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ABSTRACT 



An acoustic tomography array consisting of six transceiver moorings was 
jointly deployed by Woods Hole Oceanographic Institution and Scripps 
Institution of Oceanography in the Greenland Sea during the second half of 1988. 
Two of the primary objectives of this thesis are: (1) to set up and test a stochastic 
3-D inversion code for the Greenland Sea Acoustic Tomography data analysis; 
and (2) to evaluate the performance of the acoustic system through resolution 
and variance analyses. In acoustic tomography, the sound speed perturbation 
field is estimated from measured acoustic travel time perturbation data. A unique 
sound speed perturbation estimate can be constructed using the Guass-Markoff 
theorem. However, the theorem requires the specification of the covariance of 
the sound speed perturbation field, which is generally not exactly known. Via 
computer simulation, we examined the sensitivity of the estimate to uncertainty 
in the sound speed field correlation specified. In addition, we also examined the 
effects of an increased random experimental noise level and a change in array 
geometry due to mooring failure on the estimate. The three major results are 
that: (1) the estimate is less sensitive to a positive uncertainty in correlation 
length than to a negative uncertainty in an ocean volume containing large 
structures, while it is more sensitive to a positive uncertainty than to a negative 
uncertainty in an ocean volume containing small structures; (2) the estimate 
error is primarily bias error rather than random error; and (3) the failure of a 
mooring causes a large increase in RMS error in regions no longer containing 
acoustic rays, but it results in an increase in RMS error of only 25% in regions 
which still contain acoustic rays. 
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I. INTRODUCTION 



A. OCEAN ACOUSTIC TOMOGRAPHY 

Ocean Acoustic Tomography is a method used to monitor the mesoscale 
ocean variability (which is the oceanic analog of atmospheric weather) and it was 
introduced by Munk and Wunsch (1979). This technique is analogous to the 
medical X-ray procedure known as Computer Assisted Tomography (CAT) 
(Figure 1-1. a). Roughly speaking, tomography exploits the fact that the ocean is 
"transparent" to acoustic rays to remotely sense the properties of an ocean 
region. 




Figure 1-1: The Comparison of Medical CAT and Ocean Acoustic 
Tomography. 

In practice, a number of acoustic transceivers are deployed at positions chosen to 
allow for coverage of an ocean volume of interest (such as a region containing 
mesoscale eddies or a frontal system) (Figure 1-l.b). The most common 
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application of tomography is for estimating the perturbation of the sound speed 
field from a set of measured acoustic travel time perturbations. The 
perturbations in sound speed are assumed to be so small that the perturbations in 
acoustic travel time between each pair of transceivers are linearly related to the 
sound speed perturbations. The modeling of the travel time perturbations due to 
the sound speed perturbations is known as the forward problem. Once the 
forward problem is solved, inverse methods which are widely used in 
geophysical research (Backus and Gilbert, 1967) are applied to the travel time 
data for the reconstruction of the the sound speed perturbation field. 

Ocean Acoustic Tomography offers several advantages over conventional 
hydrographic surveying method. These advantages are pointed out by Chiu 
(1978): (1) the system can be implanted in the ocean on a semipermanent basis to 
allow for continuous observation; (2) it is not affected greatly by weather 
conditions; (3) it has high temporal resolution; (4) it can cover an extensive 
volume of the ocean interior and probe the different parts simultaneously; and 
(5) only a few moorings are needed, thus minimizing the effort in deployment 
and maintenance. 

Since the first successful experiment (the 1981 Three-dimensional Mesoscale 
Experiment), additional tomography projects have provided measurements of 
mesoscale eddies (Comuelle et al, 1983), planetary waves (Chiu et al, 1987), 
currents (DeFeirari et al, 1986), internal waves (Stoughton et al, 1986), basin 
mode oscillations (Bushong, 1987), and surface waves (Lynch et al, 1987). In the 
future, monitoring of large-scale ocean dynamics on a global basis may be 
achieved using cross-basin transmissions. 
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B. GREENLAND SEA PROJECT OCEAN ACOUSTIC 

TOMOGRAPHY 

The Greenland Sea Project (GSP) is a plan developed by the international 
Greenland Sea Science Planning Group which was appointed by the Arctic Ocean 
Sciences Board (AOSB). The overall goal of this five-year program (from 1987 
to 1992) defined by AOSB is to understand the large scale, long-term 
interactions among the air, sea, and ice in the Greenland Sea. The primary 
region of the study is bounded by Fram Strait to the north, Spitsbergen and the 
Mohn Rise to the east, the Greenland-Jan Mayen Ridge to the south, and 
Greenland to the west (Greenland Sea Science Planning Group, 1986, pp. 1-7). 

The plan is designed to study the following ocean dynamics: (1) the seasonal 
and interannual variability of the sea ice cover; (2) ocean ventilation and 
convection of the deep water; (3) ocean circulation and mixing; (4) atmosphere 
energetics; and (5) biological processes. The Ocean Acoustic Tomography Array 
is a component used in GSP to monitor the process of ocean ventilation and 
convection in the Greenland sea central gyre (Greenland Sea Science Planning 
Group, 1986, pp. 1-7). It is the process of ventilation and convection that gives 
the Greenland Sea central gyre the ability to affect the oceans throughout the 
world. 

An acoustic tomography array consisting of six transceiver moorings with a 
pentagonal geometry was jointly deployed by Woods Hole Oceanographic 
Institution and Scripps Institution of Oceanography in the Greenland Sea during 
the second half of 1988. Figure 1-2 shows the tomography array position and the 
GSP area. 




Figure 1-2: Acoustic Tomography Mooring Array Position and Geometry 
Configuration. 
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